The objective of this study was to determine the undegradable dietary protein requirements of veal calves. Two experiments were carried out with Holstein bull calves from 3-10 days of age until slaughter at 20 weeks of age. Both experiments were divided into starter and finishing periods. Calves were offered starter pellets on an ad lib. basis from seven days of age. Diets were formulated to be iso-nitrogenous and iso-caloric, and differed in undegradable dietary protein content. In Experiment 1 calves were randomly assigned to one of three dietary treatments containing low (LD), medium (MD) or high (HD) levels of rumen degradable protein. In Experiment 2 calves received a starter diet containing either a high or a low level of rumen degradable protein. At the end of the starter period animals from both treatment groups were re-assigned at random to finisher diets containing either low or high rumen degradable protein levels, resulting in four treatment combinations, viz. LL, LH, HL and HH. There were no treatment differences for feed intake, body weight gain or feed efficiency during the starter period of either experiment. During the finishing period (weeks 12-20) of Experiment 1, calves receiving the LD diet had higher average daily gains than calves receiving the HD treatment. Feed conversion ratio for the LD treatment was also better than for the other two treatments. During the finishing period (weeks 11-20) of Experiment 2 the feed conversion ratio tended (P < 0.10) to differ between treatments: feed conversion ratio for the LL and HL treatments was more favourable than that for the LH treatment. Feed conversion ratio for the HH treatment was intermediate, and did not differ from that of the LL, HL or LH treatments. The level of crude protein degradability appears to have no effect on calf performance during the starter period, but it may, however, be beneficial to feed finisher diets with a lower crude protein degradability during the finisher period.
Introduction
Protein requirements of young growing calves have been studied since at least 1920 (Spitzer & Carr, 1920) . During the pre-ruminant phase, the amino acids absorbed from the small intestine are primarily derived from dietary proteins. When the consumption of solid feed increases, rumen microbial protein becomes the major source of absorbed amino acids. In the early 1960's Roy (1964) had already suggested that protein quality should be an important consideration when formulating high-concentrate diets for the transition period from pre-ruminant to ruminant. According to Ørskov (1977) , microbial protein production in the early-weaned ruminant may not be sufficient to sustain maximum growth rates. These animals should respond to an increased undegradable dietary protein (UDP) supply provided that the amino acid composition of the protein is appropriate. During the transitional phase calves should therefore be supplied with degradable dietary protein to stimulate microbial protein synthesis and also with undegradable dietary protein to optimize the amino acid profile of digesta in the small intestine (Vazques-Anon et al., 1993) .
Improved body weight gains in response to UDP have been reported for calves under the age of 12 weeks (Whitelaw et al., 1961; Whitelaw et al., 1963; Veen & Vahl, 1984) . More recent results, however, showed no differences in average daily gain (ADG) between diets containing different UDP levels (Trotta et al., 1984; Lalles & Poncet, 1990) . Calves older than 12 weeks and weighing up to 200 kg had better body weight gain (Amos, 1986) and feed efficiency (Swartz et al., 1991) when fed diets of high UDP content. The NRC (1989) recommends UDP levels of 84.7, 69.5, 57.8 and 48 .4 % for large breed growing male calves of 100, 150, 200 and 250 kg live weight, respectively. No recommendations exist for calves weighing less than 100 kg.
This study was conducted to investigate the effect of various levels of UDP in calf starter and finisher diets on feed intake, weight gain, feed conversion efficiency and certain carcass parameters. The objective was to determine the level of dietary UDP required for young calves intended for veal production.
Materials and Methods

Experiment 1
Twenty-four Holstein bull calves between three and seven days of age were blocked according to arrival weight, and the calves within each block were then randomly assigned to one of three treatments. The treatments consisted of diets containing a low (LD), Medium (MD) or high (HD) level of rumen degradable protein. The experiment was divided into two periods, namely the starter period (arrival until 11 weeks) and the finisher period (12-20 weeks). Diets in each period were formulated to be iso-nitrogenous and iso-caloric, but differed in dietary crude protein (CP) degradability. The ingredient composition of the diets is presented in Table 1 and the calculated CP degradability in Table 3 . Each calf received two litres of an electrolyte solution (All-Lyte, Alltech, South Africa) for the first two feedings after arrival. The third feeding consisted of one litre of fresh milk. Thereafter calves received two litres of fresh milk twice daily for three weeks and then two litres of fresh milk once daily until weaning one week later. Calves were offered starter pellets ad lib. from day seven until week 11, and finisher pellets ad lib. from week 12 until week 20.
Calves were housed individually in elevated pens (115 x 340 cm) with slatted wooden floors. Oat straw was used as bedding and replaced as often as needed to ensure dry bedding at all times. The pens were in a semi-closed barn with natural ventilation. Calves had free access to fresh water throughout the experiment. The calves were slaughtered at a commercial abattoir at the end of week 20. Cold carcass mass was used to calculate dressing percentage.
Two fistulated lactating Holstein cows were used to determine 12 h in sacco dry matter (DM) and CP degradabilities of the six diets. Diets were hammer-milled through a two mm screen and weighed into dacron bags (100 x 180 mm) with a pore size of 53 ± 2 µm. Approximately five g DM was accurately weighed into each bag, providing a sample to surface ratio of ca. 14 mg/cm 2 to comply with standard procedures (Vanzant et al., 1998) . Samples were prepared in triplicate for each diet and each cow. Bags were soaked in water (39 ºC) for 15 minutes before rumen incubation and then placed inside a woven nylon bag to facilitate easy retrieval of all the bags. Bags were removed after 12 h incubation, placed in ice water to terminate fermentation, rinsed under slow running tap water and then machine-washed three times on a gentle cycle. Bags were dried at 55 °C for 24 h and the residue analysed for CP content (AOAC, 1998).
Experiment 2
Thirty-two Holstein bull calves between three and ten days of age were purchased from one source, and arrived in four groups of eight each over a period of five weeks. They were weighed upon arrival and blocked according to arrival date. Each group of eight was subdivided into two groups according to birth date, and calves within an age subgroup were randomly assigned to one of four treatments. The treatments were HH (starter and finisher diet with high RDP), HL (starter diet with high RDP and finisher diet with low RDP), LH (starter diet with low RDP and finisher diet with high RDP) and LL (starter and finisher diet with low RDP). The experiment was divided into two periods of 10 weeks each. Experimental diets within each period were formulated to be isonitrogenous and iso-caloric with the largest possible difference in rumen degradable protein (RDP) content, given the available feedstuffs. The ingredient composition of the diets is presented in Table 2 . Housing and feeding management were the same as described for Experiment 1. Feed samples were collected weekly throughout the trial and bulked for chemical analysis. Dry matter, ash, crude protein, ether extract and crude fibre were determined according to AOAC (1998) and ADF and NDF according to Van Soest & Robertson (1985) . Three rumen fistulated Holstein cows were used to determine 24 h in sacco DM and CP degradability values of the diets in order to confirm calculated degradability differences. Calves were slaughtered at a commercial abattoir at the end of week 20 and cold carcass mass was used to calculate dressing percentage.
Feed intake and body weight was recorded weekly. Body weight gain, feed intake and feed conversion efficiency data for the pre-weaning, starter, finishing and entire experimental period were analysed as a randomised block design using the GLM procedure of SAS (1996) . Significance was declared at P ≤ 0.05 unless otherwise indicated. Least square means were separated using the PDIFF option when P ≤ 0.05.
Results and discussion
Experiment 1
The chemical composition, calculated RDP values and 12 h in sacco degradability values of the six diets used in the experiment are presented in Table 3 . The three diets fed during the starter period were of similar CP and metabolizable energy (ME) content. The slight differences in ME content between the diets were probably due to differences in fat content. In order to obtain as large a difference as possible in RDP content, the HD starter diet contained a large amount of sunflower oilcake which has a much higher RDP content than fish meal or maize gluten meal, viz. 86 % vs. 40 or 31 % respectively (Erasmus & Prinsloo, 1988) . The high sunflower oilcake content resulted in a higher crude fibre content. The CP degradability values determined by the in sacco procedure were much lower than the calculated values. This is due to the fact that the calculated values were based on average effective degradability estimates for the individual ingredients (literature values), while the in sacco values were 12 h degradability values for the actual diets. The CP and DM degradabilities do, however, confirm that the diets were indeed of low, medium and high degradable CP content. The finisher diets were of similar CP and ME content, but the crude fibre content of the LD diet was lower than that of the other two diets due to the absence of sunflower oilcake meal in the LD diet. The extent of the difference was smaller than that between the starter diets because of the lower sunflower oilcake content in the HD finisher diet. The calculated RDP content (Table 3) indicates moderate differences between the three finisher diets. The limited availability of feedstuffs in the Western Cape precluded the formulation of finisher diets with a greater difference in RDP content. The measured in sacco RDP content of all three diets was lower than the calculated values. There were no appreciable differences in DM or CP degradability between the MD and HD diets. The reason for these discrepancies can be partly attributed to the high level of variance as seen in the large standard deviations, especially in the case of the DM degradability of the HD diet (Table 3) . Another reason may be the use of average RDP values for feedstuffs for formulating the diets, as degradability can differ quite substantially between different batches of the same feedstuff (Erasmus & Prinsloo, 1988) . Body weight, feed intake and carcass parameters for individual periods and the entire experimental period are presented in Table 4 . Feed intake, body weight gain and feed efficiency did not differ between treatments during the pre-weaning period (weeks 0-4). According to Veen & Vahl (1984) the degree of protein degradability does not become a limiting factor until rumen function is sufficiently developed. Some reports suggest that early weaning stimulates the development of rumen function. Rumen ammonia nitrogen concentration, total volatile fatty acid concentration and the contribution of microbial nitrogen to total nitrogen in abomasal contents resembled that of mature ruminants as soon as a week after early weaning (Quigley et al., 1985; Anderson et al., 1987a,b) . However, Funaba et al. (1994) suggested that the digestion of solid feed in the rumen might not fully meet the nutrient demands of calves because of the immature size of the rumen.
Feed intake and body weight gain during the starter period (weeks 0-11) followed the same trend as observed in the pre-weaning period. Bouchard et al. (1980) replaced soybean meal (SBM) with meat and bone meal (MBM) in concentrate diets for veal calves and reported no significant difference in concentrate intake or feed conversion ratio (FCR) between treatments. Fiems et al. (1987) found no effect when replacing SBM with formaldehydetreated SBM as the sole nitrogen source in starter diets for calves weighing less than 150 kg. The nitrogen degradability of the SBM diet was 89.9% and that of the treated SBM diet was 68.0%. The treated SBM improved ADG slightly, but feed intake also increased resulting in a similar FCR for the two treatments.
Treatment had no effect on feed intake during the finishing period (weeks 12-20). Total gain and ADG for the LD treatment was higher than for the HD treatment (P = 0.03). Body weight gain for the MD treatment was intermediate, but did not differ from that for the LD (P = 0.10) or HD (P = 0.62) treatments. FCR for the LD treatment was significantly better than for the MD and HD treatments. The more efficient FCR resulted from the higher body weight gain of calves in the LD treatment. In a trial with 4-month-old Holstein heifers, Amos (1986) found that an increase in UDP increased ADG, with no difference in feed intake or FCR. Swartz et al. (1991) reported lower daily DM intakes for high (37.9%) and low (29.7%) UDP levels compared to an intermediate level (33.8%) for calves aged 14-25 weeks. In their experiment FCR improved with increasing UDP content, but ADG did not differ between treatments. Feed intake and body weight gain over the total experimental period followed the same trend as during the finishing period. Only FCR differed significantly between treatments when calculated over the entire period. Both the LD and MD treatment resulted in a better FCR than the HD treatment. Carcass mass and dressing percentage did not differ between treatments.
Experiment 2
The chemical composition of the diets used in Experiment 2 is presented in Table 5 . The only difference in chemical composition between the diets was in terms of RDP content. The 24 h in sacco degradability values confirmed that the diets were either of low or high RDP content. 24 h in sacco degradability DM ± SD 83.1 ± 1.0 90.9 ± 0.3 82.0 ± 1.4 85.2 ± 1.1 CP ± SD 68.6 ± 1.3 94.7 ± 0.8 73.7 ± 1.0 90.5 ± 1.6 1 Chemical composition was calculated according to laboratory determined values for the batches of feedstuffs used to prepare the experimental diets.
Body weight, feed intake and carcass parameters for the different experimental periods are presented in Table 6 . Treatment had no effect on feed intake, weight gain or feed conversion efficiency in the pre-weaning period (weeks 0-4). Feed intake and body weight gain results for the starter period (weeks 0-10) followed the same trends as those for the pre-weaning period. These results confirm the conclusion from Experiment 1, viz. that no significant advantage appears to be gained from feeding a diet low in degradable protein to calves under 10 weeks of age. In a trial with Holstein calves receiving one of three diets differing in UDP content, Swartz et al. (1991) also found no differences in feed intake, ADG or FCR during the first 12 weeks of age. They attributed the lack of growth differences to the fact that feed was offered ad lib., which allowed calves to consume protein and energy in excess of NRC (1989) recommendations. Veen & Vahl (1984) did, however, find differences in FCR between diets with either slowly or rapidly degradable protein. The 12 h in sacco nitrogen degradability of the slowly degradable diet was 35% of CP and that of the rapid degradable diet 62%. In two of their three trials the slowly degradable diet had a more favourable FCR for calves 3-7 weeks of age. Live weight gains were slightly higher for the slowly degradable diet, but only significantly so in one trial for the period 7-12 weeks of age. They concluded, contrary to observations from the current experiment, that growth of young calves can be improved if a higher than average proportion of the ration protein is not degraded in the rumen. Feed intake and body weight gain during the finishing period did not differ between treatments. Cummins et al. (1982) found that nitrogen degradability had no effect on feed intake, ADG or feed efficiency in Holstein bull calves (8-20 weeks of age). In our experiment FCR during the finishing period tended to differ between treatments. Calves receiving the LL and HL treatments had a more favourable FCR than calves receiving the LH treatment (P = 0.04 and P = 0.03 respectively). Calves receiving the HH treatment had a FCR comparable to those receiving the The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html 210 HL and LL treatments, and tended to have a more favourable FCR than those receiving the LH treatment (P = 0.06). Cummins et al. (1982) suggested that either high bypass of dietary protein or high degradability of nitrogen, and thus possibly greater microbial protein synthesis, results in the delivery of higher quality protein to the small intestine. According to Tamminga (1979) , an inadequate supply of degradable protein in the rumen could decrease microbial efficiency and impact negatively on feed efficiency. A possible combination of a greater microbial protein synthesis for the HH treatment with a lower microbial efficiency for the LL and HL treatments could explain the lack of difference in FCR between these treatments.
It is not clear why the FCR of the LH treatment was less favourable than that of the other three treatments during the finishing period of Experiment 2. Swartz et al. (1991) suggested that protein sources that are of low degradability might not provide sufficient nitrogen in the rumen to achieve maximum microbial growth. It is possible that calves that received the low degradability diet during the starter period did not have the same rumen microbial population (qualitatively and quantitatively) as calves receiving the high degradability starter diet. Calves that received the high degradability finisher diet may therefore have needed an adaptation period for the rumen microbial population to increase. It is, however, unlikely that this adaptation period would have lasted longer than two weeks. It is also unlikely that the first two weeks of the finishing period would have had such an effect on the whole 10 week period. Feed intake and body weight gain for the whole experimental period followed the same trend as that for the finishing period. The FCR of calves receiving the LL treatment was significantly better than that of calves receiving the LH treatment (P = 0.04), but was comparable to that for the HL and HH treatments. As in Experiment 1, the carcass mass and dressing percentage were similar for all treatments. The results from Experiment 2 confirm those of Experiment 1 in that a diet relatively high in RDP seems adequate for calves in the starter period. The benefit of supplying protein sources higher in UDP could only be observed in the finishing period.
Conclusion
Results from these two experiments suggest that the level of CP degradability in starter diets has no effect on pre-weaning calf performance. Results furthermore suggest that young calves up to 10 weeks of age may not utilize RDP in the same way as mature ruminants. Calves with a live weight of less than 100 kg may still have suboptimal rumen function, and it seems possible for potentially highly degradable protein to escape from the rumen intact. Provided therefore that calves are allowed to consume starter diets ad lib., and that the CP content of starter diets meets generally accepted recommendations, it seems possible for them to consume enough dry matter to supply their needs for rapid growth from highly degradable protein sources. According to our results CP degradability, however, appears to have an effect on feed conversion ratio during the finishing period. An additional supply of UDP from 11-20 weeks of age (bodyweight of ± 100 kg to ± 200 kg) appears to be warranted.
